Abstract： The bitter gourd fusarium wilt caused by Fusarium oxysporum f.sp. momordicae 11 (FOM) was a devastating disease in China and leading to great economic losses every year. A total 12 of 152 isolates, which have the typical Fusarium oxysporum characteristics with abundant 13 microconidia and macroconidia on the white or ruby colonies, were obtained from diseased plant 14 tissues with typical fusarium wilt symptoms. The BLASTn analysis of rDNA-ITS showed 99% 15 identity with F. oxysporum species. Among the tested isolates, three isolates infected tower 16 gourd, and five isolates were pathogenic to bottle gourd. However, they were all pathogenic to 17 bitter gourd. Based on the molecular and morphologic results, the isolates were identified as FOM. 18 For genetic variation analysis, forty ISSR primers were screened and eleven primers were used in 19 PCR amplification. Totally, 121 loci were detected, of which 52 loci were polymorphic at rate of 20 42.98%. The POPGENE analysis showed that Nei's gene diversity index (H) and Shannon's 21 information index (I) were 0.0902 and 0.1478, respectively, which indicated that the genetic 22 diversity for the tested 152 isolates was relatively low. It also means that each geographical 23 population was a relatively independent unit. While the value of coefficient of gene differentiation 24 (Gst=0.4929 > 0.15) pointed to the genetic differentiation was mainly among populations. The 25 strength of gene flow (Nm=0.5143<1.0) was weaker, indicating that gene exchanges were blocked 26
Taiwan, China [5] , which has become prevalent since 1996 [6] . In the past 20 years, bitter gourd 12 wilt covered Zhejiang, Fujian, Guangxi, Guangdong, Hunan, Jiangxi provinces [7, 8, 9] . In recent 13 years, the consume of bitter gourd increased quickly as a very popular vegetable in China, which 14 led to planting area increasing continuously. However, the effective disease control was not easily 15 achieved even effective chemical available [10, 11] . The bitter gourd wilt disease affects the 16 quality and yield of bitter gourd and has become a major impact factor on production of bitter 17 gourd [11] .
18
As for a soil-borne causal agent, they always invade the root hair epidermis by wound and 19 extend into the vascular tissue. It can colonize the xylem vessels and produce mass mycelia and 20 conidia to block the water transportation. Therefore, the typical symptoms of the bitter gourd wilt 21 are characterized by the leaves hang down initially and then yellowing to withering, and the stem 22 near the ground becoming dark brown and thin. Eventually, the whole plant wilts and dies [12] .
23
There were no commercial resistant disease cultivars available. To control this disease, the bitter 24 gourds were usually grafted on the Cucurbita ficifolia and C. moschata, which were used as a 
26

Samples collection and pathogen isolation 27
The diseased bitter gourd samples were collected from Henan, Hunan, Fujian, Jiangxi,
28
Guangdong, Guangxi and Hainan provinces from 2016 to 2017. The diseased stem tissues were 29 washed with tap-water and then cut into small pieces. The tissues were immersed into 75% 30 ethanol for 1.5 min, followed twice wash with sterile water. Finally, the tissues pieces were put on 1 the surface of the PDA (Potato Dextrose Agar) plates amended by Cefotaxime Sodium. The plates 2 were incubated in the darkness at 28℃ for three days. The tips of mycelium cut from the colony 3 margin were transferred to another new plate, and continually incubated in the darkness at 28℃ 4 until the fungal colony fully covered the plates. The small pieces (2×2mm) from the colony were 5 put into 2.0-ml cryogenic vials containing 1.6-ml 20% glycerinum and stored in -80℃ freezer.
6
Pathogenicity and formae speciales test 7
The pathogenicity of isolates were tested on seedlings of three bitter gourd cultivars (cv. The rDNA-ITS region was amplified with the universal primer pairs, ITS1 (5'- 
The pathogen isolation and identification 7 A total of 152 isolates were isolated from the diseased bitter gourd plants. The shape of spore 8 and colony characteristics were used to initially identified the pathogens. The isolates showed the 9 typical Fusarium oxysporum characteristics with abundant microconidia and macroconidia on the 10 white or ruby colonies ( Fig. 1 ). A single DNA fragment of approximately 600 bp was amplified 11 with the universal primers ITS1 and ITS4. Aligning with the published sequences on NCBI 12 website by BLAST, all the tested isolates sequences were similar to that of F. oxysporum species 13 with the identity over 99%. Therefore, the tested isolates were identified as F. oxysporum.
14
Pathogenicity and formae speciales test
15 Nine days after inoculation, the typical wilt symptoms were observed on the inoculated bitter 16 gourd seedlings (Fig. 2 ). Even all isolates could infect the three bitter gourd cultivars, the cv.
17
Changlv was relative resistant to the pathogen, while the other two cultivars, Ruyu33 and Ruyu41,
18
were susceptible. Except three isolates, ShD9, HuN1 and JiX12, and five isolates, ShD6, HeN15,
19
GuX7, FuJ10 and JiX15, which could infect the towel gourd and bottle gourd, respectively, the 20 others showed non-pathogenicity to seven cucurbit crops (Table 1) . Thus, the isolates used in this 21 study were identified as Fusarium oxysporum f. sp. momordicae (FOM).
22
Primer screened and ISSR polymorphism
23
Among the 40 tested ISSR primers, only 11 ISSR primers can generate clearly and bright 24 polymorphic bands and the remaining 29 primers almost did not produce any bands (Fig. 3) .
25
Applied to 152 isolates of FOM, the 11 primers produced 121 DNA fragments, in which 52 26 polymorphic fragments ranged from 200 to 3000 bp. The percentage of polymorphic bands was 27 42.98% ( Table 2 ). The number of bands generating from each primer ranged from 9 to 13, with an 28 average of 11 per primer. The average number of polymorphic bands was five. 
15
The Gst indicated that the genetic differentiation among the eight geographical populations was 16 generally large (Gst=0.4929 >0.15). However, the Nm value revealed that the gene exchanges 17 between different populations were blocked to some degree (Nm=0.5143<1.0) (Table 4) .
18
The genetic identity for the eight geographical populations ranged from 0.9073 to 0.9817. The
19
maximum genetic identity appeared between Fujian and JiangXi population. The genetic distances 20 for those populations ranged from 0.0184 to 0.0972. The maximum genetic distances appeared 21 between Fujian and Shandong populations (Table 5) .
22
Based on the genetic distance on the topological structure of dendrogram, the eight 23 geographical populations were clustered into four distinct groups at 0.96 of the genetic similarity 24 coefficient value ( Fig. 4) was also found to infect bitter gourd cultivars [32] . These findings were identical with our results.
24
However, contradictory results also achieved in previous reports. F.oxysporum f.sp momodicae 25 was firstly found on bitter gourd in Taiwai in 1983 and was considered no pathogenicity to bitter gourd, but did not infect white gourd, tower gourd, watermelon and muskmelon [8]. The
1
Cucurbitacea was limited [33] . Bouhot demonstrated that mutation in one forma specialis could be 2 induced to convert to another forma specialis with pathogenic capacity to another host [29] .
3
The information on population genetic variation and population structure of the pathogen are 4 essential and vital for insighting into the rules of genetic diversity in future. At present, many 5 molecular marker techniques were used to discover the genetic variation in pathogenic population.
6
The RAPD and AFLP were the most frequently used techniques to detect the genetic variation in 7 F. oxysporum. However, The PAPD suffers from its poor reproducibility, and AFLP restrict to its [1] . Later, they proved that the genetic differentiation within 20 population was lower using AFLP approach [11] . Low genetic diversity within population might 21 be attributed to strictly asexual reproduction of F. oxysporum and limited gene flow between 22 populations.
23
The gene differentiation coefficient (Gst) was an important parameter to measure whether the 24 genetic differentiation was existed among populations. When the Gst value was greater than 0.15, 25 the genetic differentiation was considered as large [34] . The strength of gene flow (Nm) was a 26 vital factor affecting the genetic differentiation. When the Nm value was less than 1.0, it means 27 that the gene flow was blocked to some degree [35] . In our study, the Gst and Nm value were 28 respectively 0.4929 and 0.5143, these data showed that genetic differentiation among geographical 29 populations was large, while the gene exchanges between these populations was relatively low.
1 reasons were that the higher level of adaptability in pathogen to local climate, soil and host variety.
2
In China, the climate and soil condition of different bitter gourd producing region were quite 3 different. It is moist in Hainan, Guangdong, Guangxi, whereas it is droughty in Henan and 4 Shandong. The main cultivated bitter gourd variety and cultivated pattern were relatively stable.
5
The same varieties could be used for many years in the same region. Thus, the selection pressures 6 of the pathogen faced will be relatively stable, and the pathogen would trend to homogeneity.
7
Conclusion 8 In a word, ISSR was an effective tool to detect the genetic variation among and within f. 
Note: "-"means no symptoms, "+" means slightly symptoms, "++" means moderately symptoms, "+++" means widespread symptoms, "++++" means the plant wilt. 
